A permAnent hypopArAthyroidism is one of the prominent complications of total thyroidectomy. To prevent it, some attempts have been performed such as carefully preserving the parathyroid gland with blood supply [1] [2] [3] and parathyroid autotransplantation to the sternocleidomastoid muscle or the pectoralis major muscle after mincing [1, 2, [4] [5] [6] . The incidence of permanent hypoparathyroidectomy of total thyroidectomy with and without central dissection was reported to be 0-4.6% [7] [8] [9] and 0-3.4% [10] [11] [12] , respectively, but one report demonstrated that the incidence increased in reoperation of bilateral central dissection (from 0 to 23%) [13] .
dissected together with the thyroid, we minced and autotransplanted it to the contralateral sternocleidmastoid muscle. Lower parathyroid was usually dissected at the time of central dissection, but If we can retrieve it from the dissected specimen, we autotransplanted it. Intraoperative rapid diagnosis was adopted only for confirmed diagnosis of the dissected tissue suspected of the parathyroid.
Definition of permanent hypoparathyroidism
We defined a permanent hypoparathyroidism when patients should continue administration of vitamin D and/or calcium preparation one year after second surgery to preserve serum calcium level and get rid of their symptoms of hypoparathyroidism such as a numbness or rigidity in a limb.
Statistical analysis
We adopted a Fisher's exact test to compare variables. We used StatView 5.0 for these analyses. A p < 0.05 was considered significant.
results
Of 154 patients in the entire two-surgery group, 8 (5%) showed a permanent hypoparathyroidism. Table 1 summarizes the initial surgery of these 8 patients. Parathyroid was grossly preserved in 6 patients (patients No. 2, 3, [6] [7] [8] , but only one (patient No.5) underwent parathyroid autotransplantation. Six patients underwent systematic central dissection and all were dissected bilateral central compartment. Table 2 summarizes the second surgery of these 8 patients.
The parathyroid was grossly preserved in 6 patients (patients No. 1-5, 7), but only two (patients No. 5 and 6) underwent autotransplantation. At initial and second surgeries, although one or more parathyroid glands were grossly preserved in all patients, only two underwent parathyroid autotransplantation. Table 3 shows the relationships between permanent hypothyroidism and surgical procedure, including the management of parathyroid, in 154 patients. We failed to establish a significant relationship between permanent hypoparathyroidism and grossly preserved parathyroid glands. However, patients with autotransplantation of one or more parathyroid glands at initial or second surgery were significantly less likely to show permanent hypoparathyroidism (2% vs. 15%: p = 0.0041). The incidence of permanent hypoparathywere high-grade malignancy such as widely invasive follicular carcinoma, poorly differentiated carcinoma based on WHO classification [14] , and tall cell variant of papillary carcinoma. Eighteen patients (2 of these had no pathological evidence of malignancy in initial surgery) underwent completion total thyroidectomy because of the appearance of distant recurrence. The remaining 108 underwent completion total thyroidectomy, because carcinoma recurred to the remnant thyroid and/or regional lymph nodes.
In initial surgery, the parathyroid was grossly preserved in situ in 93 patients (2 glands in 14, and 1 gland in 79 patients) and was autotransplanted in 70 patients (3 glands in 2, 2 glands in 15 and 1 gland in 52 patients) to the sternocleidmastoid muscle. Twenty-seven patients underwent both preservation in situ and autotransplantation of the parathyroid. In second surgery, the parathyroid was grossly preserved in 88 patients (2 glands in 9, and 1 gland in 79 patients). Ninety-three patients underwent parathyroid autotransplantation (2 glands in 25 and 1 gland in 68 patients). The parathyroid of remaining 34 underwent both. After the two surgeries, parathyroid was preserved in situ, autotransplanted and both in 117, 114, and 80 patients, respectively.
In initial surgery, 85 patients underwent central dissection. Fifty-nine patients underwent ipsilateral dissection only, but the remaining 26 underwent bilateral central dissection in initial surgery. In second surgery, 74 patients underwent ipsilateral central dissection. After the two surgeries, 74, 32, and 48 patients underwent bilateral, ipsilateral, and no dissection of central compartment. Uni-or bilateral modified radical neck dissection (MND) in the initial and second surgery was also performed in 60 and 27 patients, respectively.
Patients who underwent partial lobectomy or bilateral subtotal lobectomy as an initial surgery and those without clear records of the parathyroid management were excluded from the series.
We also enrolled 400 patients who underwent total thyroidectomy in one surgery between October 2011 and March 2012 in our hospital as a "control group". Eighty-five of them did not undergo central node dissection and the remaining 315 underwent bilateral central dissection. One hundred and twenty patients also underwent uni-or bilateral MND.
Detection of the parathyroid
We grossly searched whether we preserve the upper parathyroid. If the gland had a necrotic color or was 
discussion
At present, when we perform lobectomy with isthmectomy for small and low-risk papillary thyroid carcinoma, we dissect ipsilateral central compartment only. After the dissection, we search the lower parathyroid and, if we find it, we transplant it to the contralateral sternocleidmastoid muscle. When we perform lobectomy without central dissection for benign nodule or follicular tumor, we try to preserve lower parathyroid with its blood supply. If not, we try to retrieve it and transplant it to the sternocleidmastoid muscle.
In this study, however, of 74 patients who underwent central dissection, bilateral dissection was performed in 27 (36%) in initial surgery. This is because these initial surgeries were performed before our establishment of present surgical procedure. Rafferty et al. demonstrated that the incidence of permanent hypoparathyroidism did not differ between the series of total thyroidectomy at one-and two-step surgery [15] . However, central node dissection, especially bilateral dissection, was reported to be a risk factor of permanent hypoparathyroidism [16, 17] . In our series, the incidence of perroidism was higher in patients who underwent bilateral central dissection in two surgeries (8% vs. 3%), but the difference did not reach significant (p = 0.1546) ( Table 3) .
Seventy-four patients in two-surgery group underwent bilateral central dissection and 6 (8%) showed a permanent hypothyroidism (Tables 1 and 4 ). Also in this subset, parathyroid autotransplantation significantly reduced the incidence of permanent hypoparathyroidism (2% vs. 20%) (p = 0.0150). Furthermore, all 6 patients having permanent hypoparathyroidism underwent bilateral central dissection in initial surgery ( Table 4) . None of the patients who underwent bilateral central dissection in twice showed a permanent hypoparathyroidism.
A permanent hypoparathyroidism occurred in none of the 85 patients in control group who did not undergo central dissection. Of the 315 patients who underwent bilateral central dissection, 6 (2%) showed a permanent hypoparathyroidism, and the incidence was significantly lower (p = 0.0138) than that of patients in twosurgery group (Table 5) . only in patients who did not undergo parathyroid autotransplantation [19] . Preservation of parathyroid in situ is more physiologically natural, but it is often technically difficult. Paek et al. demonstrated that surgeon's skill is an independent risk factor of permanent hypoparathyroidism on multivariate analysis [20] . Only one surgeon (Akira Miyauchi) performed surgery for the series of patients of Kihara et al. [1, 2] . In our series, in contrast, several surgeons with different skills operated them. Therefore, in some cases of our series, upper parathyroids might not be preserved with an adequate blood supply. For such cases, parathyroid autotransplantation could be helpful to avoid a permanent hypoparathyrodism in high incidences. This may explain the fact that 6 of 8 patients (75%), who showed a permanent hypoparathyroidism, did not undergo parathyroid autotransplantation, although one or more parathyroid glands were preserved in all patients.
In this study, we demonstrated the importance of parathyroid autotransplantation as well as preservation in situ, especially when central neck dissection is performed. However, it is often difficult to discriminate lower parathyroids from lymph nodes. In such cases, an intraoperative rapid diagnosis for a part of stuffs suspected of parathyroid could be useful. To avoid a permanent hypoparathyroidism, surgeons should do their best to find lower parathyroids when they perform central neck dissection.
In summary, in initial surgery, parathyroid glands should be carefully searched and preserved with blood supply or, if dissected, they should be retrieved and autotransplanted in order to save the patients from a permanent hypoparathyroidism when they undergo completion total thyroidectomy as the second surgery. If we perform central dissection in cases of hemithyroidectomy, bilateral central dissection significantly increases the risk of permanent hypoparathyroidism after the second surgery. It is important for surgeons to think about second surgery that may be performed in future for various reasons when they perform hemithyroidectomy as an initial surgery. manent hypoparathyroidism in two-surgery group who underwent bilateral central dissection was significantly higher than in control group (8% vs. 2%)( Table 4) . This might be because many patients in two-surgery group, including the 6 who showed a permanent hypoparathyroidism, underwent bilateral central dissection in initial surgery, causing that lower parathyroid in the contralateral side was difficult to find in second surgery. These findings suggest that, when we perform hemithyroidectomy for low-risk papillary thyroid carcinoma, central dissection is better to be limited to the ipsilateral side from the standpoint of preserving the parathyroid. If bilateral central dissection were considered better because of, for example, the existence of lymph nodes suspected of metastasis, total thyroidectomy would be recommended as described in guidelines by The Japanese Society of Thyroid Surgery/The Japan Society of Endocrine Surgeons [18] .
Another important finding is that autotransplantation of one or more parathyroid glands either in initial or second surgery was effective to prevent a permanent hyperparathyroidism (Tables 3 and 4 ). Seven and 6 of 8 patients with a permanent hypoparathyroidism did not undergo parathyroid autotransplantation in initial and second surgery, respectively (Tables 1 and 2 ). Therefore, careful searching whether the parathyroid glands are dissected after thyroidectomy and their autotransplantation is very important not only in the second but also in the initial surgery to avoid a permanent hypoparathyroidism when patients undergo second surgery.
It remains controversial which of the two techniques, preservation of parathyroid with blood supply and parathyroid autotransplantation, is more important. Kihara et al. showed that mean level of intact PTH recovered to only 43% of preoperative levels in patients whose parathyroid glands were autotransplanted only [1] . Moreover, they also demonstrated that the incidence of preservation of permanent hypoparathyroidism was lower in patients with preservation of parathyroid gland in situ than in those with autotransplantation group and combination group [2] . In contrast, Lo et al. showed that permanent hypoparthyroidism occurred references
